Plant diseases often cause serious yield losses in agriculture. A pathogen's invasiveness can 2 be quantified by the basic reproductive number, R 0 . Since pathogen transmission between host 3 plants depends on the spatial separation between them, R 0 is strongly influenced by the spatial 4 scale of the host distribution. 5 We present a proof of principle of a novel approach to estimate the basic reproductive 6 number, R 0 , of plant pathogens as a function of the size of a field planted with crops and its 7 aspect ratio. This general approach is based on a spatially-explicit population dynamical model.
Methods
We assume that the hosts are continuously distributed across the rectangular field with the 97 dimensions d x and d y . The field area is S = d x d y and its aspect ratio is α = d x /d y , so that α close 98 to zero refers to long, narrow fields, while α = 1 represents a square field. We trace the densities of 99 healthy hosts H(x, y, t), infected hosts I(x, y, t) and removed hosts R(x, y, t) in space and time 100 using the system of integro-differential equations 101 ∂H(x, y, t) ∂t = r H H(x, y, t) [1 − H(x, y, t)/K] − βλ(x, y)H(x, y, t),
102
∂I(x, y, t) ∂t = βλ(x, y)H(x, y, t) − µI(x, y, t).
(2)
103
∂R(x, y, t) ∂t = µI(x, y, t).
(3)
105
Here, the force of infection λ(x, y) at a location x, y is determined by integrating over all possible (4)
between the source and the target of infection, i. e. κ(x, y, u, v) = κ(r). For aerially dispersed plant 153 diseases, κ(r) is defined as a probability density function for an infectious spore to land at a 154 distance r from its source (Nathan et al., 2012) .
155
In order to determine the basic reproductive number, R 0 , we perform the linear stability analysis of 156 the disease-free equilibrium H(x, y, t) = K, I(x, y, t) = 0, R(x, y, t) = 0 of the system Eqs.
(1)-(2). Essentially, we examine whether small deviations from the disease-free equilibrium 158 grow or die out. This leads to the eigenvalue problem for the Fredholm equation of the second kind 159 (see Appendix A.1 for the derivation)
161
where R 0∞ = βK/µ is the basic reproductive number in the limit of a very large field. Definition Eq. (6), we can find the eigenvalues σ i and eigenfunctions w i (x, y) that satisfy the Eq. (6). The (the proportion of the leaf area infected) is measured as a function of the distance r from the focus. 194 We are confident that the observed disease patterns result primarily from the artificial inoculum in 195 the focus, rather than natural infection, because stripe rust levels were overall very light in Oregon The basic reproductive number, R 0 , is shown in Fig. 1 as a function of the linear extension d of a 210 square field for three different dispersal kernels (Gaussian, exponential and modified power-law).
211
These three functional forms are often used to describe dispersal gradients in plant diseases (Fitt 
214
These three functions represent the three classes of dispersal kernels: "thin-tailed" (Gaussian) that 215 decrease faster than exponential, exponential, and "fat-tailed" that decrease slower than exponential 216 (power-law). "Thin-tailed" and exponential kernels give rise to travelling epidemic waves with a 217 constant velocity, while the "fat-tailed" kernels result in accelerating epidemic waves (Mollison, 218 1977; Medlock and Kot, 2003; Cowger et al., 2005; Sackett and Mundt, 2005b) .
219
For all the three types of dispersal kernels that we considered, the basic reproductive number first 220 increases as a function of the field size d and then, eventually, saturates to a constant value (Fig. 1) .
221
Thus, we find that the qualitative dependence of R 0 , a more basic epididemiological parameter than 222 the epidemic velocity, on the field size is quite robust with respect to the functional form of the 223 dispersal kernel. In particular, it is not affected much by the nature of the tails of the dispersal 224 kernel. Moreover, we expect this behaviour to hold for any dispersal kernel, as long as it a 225 monotonically decreasing function of the distance r.
226
The initial growth of R 0 versus d follows a quadratic function (see Eq. (A.10) ). It occurs because in field size and shape for wheat stripe rust 249 We infer the dependence of the basic reproductive number, R 0 , on the field size and shape from the 
261
Disease gradients, measured in this way, contain information on the three key processes in the 262 pathogen life-cycle: spore production, aerial movement of spores, and infection of healthy host 263 tissue. We assume that the rate of spore production and the probability to infect healthy host tissue, 264 once the spore has landed on it, are homogeneous across the field, i. e. do not depend on the 265 distance r between the source and the target of infection [Eq. (5) ]. Hence, the compound parameter 266 R 0∞ = βK/µ that characterizes these processes does not depend on the distance r. Therefore, the 267 aerial movement of spores is the only process that depends on the distance r. Further, we assume 268 that there is a large enough number of spores produced and the probability of infection is large 269 
